Introduction
The European Heart Network's statistics indicate that every year cardiovascular disease(CVD) accounts for 47% of all deaths in Europe, thereby currently constituting one of the highest public relevance disease categories (WILKINS E. & al. [1] .
Among patients who survive following an acute cardiac event, 20% suffer a second cardiovascular event in the first year, approximately 50% of major coronary events occur in those with a previous hospital discharge diagnosis of myocardial infarction and one year mortality rates are still in the range of 10% (PIEPOLI MF & al [2] .
The European Society of Cardiology (ESC) guidelines recommend secondary prevention programs (i.e. cardiac rehabilitation -CR) after the initial event to prevent recurrent disease and improve long-term prognosis (PIEPOLI MF & al [3] , PONIKOWSKI P & al [4] .
Cardiac rehabilitation has been developed, as a solution for reducing the high medical costs implied by the cardiovascular diseases. It represents a multidimensional treatment plan, for men and women with cardiovascular disease, consisting of interventions at the level of nutritional habits, risk factor modification, psychosocial interventions, physical activity counselling and exercise training (ECKEL RH & al [5] .
Despite the proven clinical effectiveness of conventional center-based CR programs in reducing morbidity and mortality (ANDERSON L & al [6] , long-term benefits are often disappointing, mainly due to low CR uptake and compliance rates (KOTSEVA K & al [7] .
This translates into a significant persistent chronic disease burden with associated escalating healthcare costs. Overall CVD is estimated to cost the EU economy €210 billion a year. Of the total cost of the cardiovascular diseases in the EU, 53% (€111 billion) are related to direct health care costs, 26% (€54billion) to productivity losses and 21% (€45 billion) to the informal care of people with cardiovascular diseases (WILKINS E. & al. [1] . The restriction of current healthcare budgets, is prompting the need for developing alternative cost-efficient care strategies.
The increased use of smartphones associated with the continuous expanding mobile broadband connectivity are changing the way health-care is accessed, monitored and delivered. It is expected that by 2020 the number of mobile broadband subscriptions will reach to 7.7 billion while the amount of smartphone subscriptions is expected to get to about 70% of the world's population [8] .
Thanks to the fact that smartphones have the capability to connect with peripheral devices, they serve as a personal digital hub integrating different monitoring equipments and health applications (apps) that collect and transmit individualized health-related data (WALSH JA & al [9] , WIDMER RJ & al [10] .
Innovations in telecommunication technologies could enable the advent of cardiac telerehabilitation; comprehensive and personalized secondary prevention in which patients rehabilitate remotely using telemonitoring, telecoaching and e-learning (FREDERIX I & al [12] .
In Romania, currently, standardized programs for cardiac rehabilitation are not reimbursed by the National Health Insurance House. Due to the low economic level within the general population, cardiovascular patients can`t afford to attend in such programs in institutionalized private facilities ( KULCSAR I [13] . Therefore, although the benefits of recovery are well known, Romanian patients get to benefit in a very small number of such services. A lower costs alternative, that could help in the development and implementation of cardiac rehabilitation programs for areas where there are no such services, would be to develop and deploy remote cardiac rehabilitation services using eHealth.
The purpose of the present research has been to develop and asses the medical efficiency of a complex Cloud based system dedicated to patients that suffered a myocardial infarction, allowing them to perform a home based medical supervised online cardiovascular rehabilitation program.
Material and Methods
The research was conducted within the University of Medicine and Pharmacy "Carol Davila" (UMFCD) under the European project FI-STAR FP7 Project (Future Internet Social and Technological Alignment Research). The research team within UMFCD built a system based on "Cloud Computing" services, with components dedicated to patients and medical staff such as:
A. The space of interaction with users " Front-End":  The desktop application -dedicated to the medical personnel for real-time monitoring of patients  The mobile application -installed on the patients Smartphone, facilitated the collection of the vital signs from the attached medical devices and their transmission to the monitoring centre. (Figure 1 ). The tests of the telemonitoring system were performed in two stages, during 10 months. In this period, complementary to the process of collecting health data, there were acquired information concerning the quality of experience and services provided by the system. These allowed the assessment of the technological performance indicators of the system, in addition to the medical efficiency.
The patients in the monitored group, after signing a handover protocol, received a set of electronic devices for monitoring vital parameters, with capabilities of transmitting data wirelessly via Bluetooth (blood pressure monitor, pulsoximeter, chest strap band) and an Android smartphone to facilitate communication with the monitoring center.
These devices allowed remote monitoring of the following parameters: Blood pressure, Oxygen saturation, Heart rate and electrocardiogram (ECG). Before discharge, all patients were evaluated through an ECG treadmill stress test which, in conjunction with the medical tests performed during hospitalization, quantified basal level of cardiovascular fitness. Based on these assessments, a personalised cardiac rehabilitation plan was developed to ensure patients safety during the physical activity sessions.
After discharge, patients have passed in phase -II of cardiac rehabilitation program, lasting 7 weeks. The group of unmonitored patients performed the ambulatory recovery program, as learned from video presentations and following recommendations from the usual hospital discharge report. The monitored patients followed a custom recovery protocol that included: a program of physical activity of 3-5 sessions per week (effective duration of 30 minutes, with a time of 10 minutes of warm up and 10 minutes of recovery), accompanied by a personalized therapeutic and nutritional plan.
Using the system, real-time interaction between doctor and patient was facilitated, so as to detect alarming situations, and also to optimize the recovery program according to the patients evolution.
The devices for measuring vital parameters have been configured to send information automatically after being connected, to the Android smartphone via Bluetooth. Data collected on Smartphone were subsequently transmitted through 3G or WiFi, at the monitoring center in Cardiology Clinic of "Carol Davila" University within "Bagdasar Arseni" Emergency Hospital, where the medical staff in the intensive care unit monitored the patients evolution.
In case of detecting any abnormal values in measured parameters, the patient was contacted immediately by a doctor to check its status, eliminate false positives and to agree with the way of managing the situation. The mobile solution offered patients the possibility in case of a subjective symptomatology to manually trigger an alarm.
At the end of the 7 weeks of recovery a new ECG treadmill stress test was performed on all patients, in order to quantify exercise fitness levels evolution, changes in work capacity and their possibility to resume all normal daily activities.
Results and discussion
Statistical analysis in the frame of the study was performed using Microsoft Excel and SPSS programme, aiming initially to compare the two groups, followed by the health evolution assessment.
Patient groups comparison at the time of initial enrolment into the study was performed in order to verify that they are comparable in terms of qualitative and quantitative variables Group 1 -patients that followed the online monitored cardiac rehabilitation; Group 2 -patients that followed the individual unmonitored ambulatory rehabilitation. The first step consisted in the analysis of distribution by gender, age, weight, height, body mass index, dyslipidaemia, hypertension, diabetes and smoking in the two groups that were studied (Table 1) . After analysing the characteristics of both groups using "Crosstabs" based on sex, presence of hypertension, dyslipidaemia, diabetes and smoking, it was observed that both groups had a Data distribution testing revealed a generally Gaussian distribution, which allowed comparison of means between the two groups ( Table 2) . Table 2 .2 Cardiac rehabilitation -data distribution review
After analysing the two groups, they were identified as being comparable to the time of initial evaluation, and showed no significant statistical differences (Table 3) . To assess the evolution of the health status of both groups, we used the comparison of the variables collected between the two points in time, the initial one before starting the home rehabilitation program and 7 weeks after, at the end of the recovery period. The statistical analysis of groups comparison was performed the "paired t-test". Comparisons were made to highlight the evolution of weight, total body fat, visceral fat, muscle mass and body mass index.
For the group of patients that performed online home rehabilitation, there were found significant differences in the means of improvement of measured parameters, from initial to the final assessment for all parameters, except height, which as expected, is not affected. Among the group of those who performed classical cardiac recovery, unmonitored, varied statistically significant only the muscle mass, otherwise showed no significant variations in average, from baseline to the end (Table 4) . The second set of comparisons was made to highlight the evolution of changes made to the medical parameters measured by echocardiography, effort supervised ECG testing and analysis of pulse wave velocity and arterial stiffness.
There was a significant improvement of all parameters measured in the group of patients that performed the online cardiac rehabilitation, with improved ejection fraction (average growth of 5%), increase of the estimated cardiopulmonary capacity during effort (average growth of 8%) and a decrease of the vascular stiffness (average 0.02%).
In the group of control patients, which carried noninstitutionalized phase of cardiac rehabilitation, the monitored parameters were not significantly altered, except the maximum heart rate during effort, which had a slight increase, fact that could be associated with cardiovascular fitness deconditioning and an unfavourable prognosis for the patient (Table 5 ). Looking ahead and pursuing the development trend of technological solutions in recent years, with the concomitant fall of their prices, this alternative can be proposed as a recovery solution subsidized by the state, for a health system that cannot afford to cover the costs of standardized recovery, institutionalized in ambulatory manner, in specialized centres for patients who have suffered a cardiovascular event.
A long term randomized controlled study of cost efficiency and scalability, on a larger number of users of the online cardiac rehabilitation system, could prove the large-scale viability of the solution, with its subsequent implementation at regional or national level.
The current telemonitoring solution could be also refined for patients with other chronic diseases, such as diabetes mellitus, chronic liver disease or undergoing haemodialysis that have an increased risk of cardiac problems (NECHITA AM & al [18] . These patients would benefit greatly from such a system, as they require a close follow-up.
In order to increase patient education and interaction with the caregiver, a telemonitoring solution can be proposed in oncology in order to facilitate the patients the opportunity to recognise early symptoms in head and neck cancers. Novel and minimal invasive diagnostic and surgical techniques (STEFANESCU DC & al [15] , STEFANESCU DC & al [16] allow for limited resection and superior overall outcome, but the patients need to have a proper level of medical education.
For accurate monitoring of such patients we are taking into account the implementation of a new module of clinical investigations storage and progressive big data analytics on them. Endoscopic images could be uploaded using the future module in order to monitor the evolution of the patient. White light endoscopy, Narrow Band Images or SPIES images could also be used, but further research related to the design of the platform is required. However, ethical issues must be taken into account, concerning any possible liabilities (PITURU S at al [17] .
Conclusions
The objectives of the current research were to develop, integrate and test an easy to use mobile solution dedicated for cardiac patients, to guide them throw their rehabilitation process after an acute cardiac event.
Using interactive graphic interfaces with capabilities to automatically collect vital parameters from bluetooth connected medical devices, we checked if such a solution could be an enjoyable tool that by using real time monitoring and rapid interaction with the health care personnel can ensure an efficient cardiac rehabilitation process for patients with myocardial infarction.
From the medical perspective, the solution provided superior results in comparison with the noninstitutionalised rehabilitation offering a statistical significant improvement (p<0.05) of all clinical parameters measured in the group of patients that performed the online cardiac rehabilitation, with improved ejection fraction (average increase of 5% of the initial cardiac function), increase of the estimated cardiopulmonary capacity during effort (average increase of 8%) and a decrease of the vascular stiffness (average 0.02%)
The use of the online cardiac rehabilitation system in an ambulatory setting, brings multiple benefits to all actors involved in the process:
